A proteolytic mutant from Clostridium botulinum type E produced extracellular proteases after the end of exponential growth coinciding with the period of sporulation. Proteases were separated into four fractions by chromatography on a DEAE-cellulose column. One was a sulphydryl-dependent protease that also apparently required a divalent cation for enzyme activity since it was inhibited by EDTA. This enzyme hydrolysed synthetic amide and ester compounds containing an arginine residue, and showed some activity towards L-lysine methyl ester. It appeared that two of the other proteases were serine proteases and the fourth was a metal protease. These last three proteases did not require a thiol agent and did not hydrolyse any of the synthetic amides or esters examined. Only the sulphydryldependent protease could activate C. botulinum type B, E and F toxins. The ability of this enzyme to activate type B and E toxins was markedly lower than that of trypsin. The susceptibility of type B toxin to this protease was lower than that of type E toxin. C , toxin was not activated by this enzyme. It is suggested that the sulphydryl-dependent protease in this proteolytic mutant of C. botulinum type E has properties similar to those of proteases from C . botulinum types B and F.
proteolytic strain F-OSU and C, toxin from strain D-139 were used in these experiments. Type By E and F strains were incubated at 30 "C for 18 h in LYG medium comprising (%, w/v) : lactalbumin, 1 ; yeast extract, 2; glucose, 0.5; and L-cysteine.HCI,0.15, at pH 7.2. Strain D-139 was cultivated at 37 "C for 40 h in medium containing (%, w/v): trypticase, 2; yeast extract, 3; glycerol, 0.5 (v/v); NH4CI, 0.5; and L-cysteine.HC1, 0.1, at pH 7.4. The cultures were used as the toxin preparations.
Toxicity assays and activation of the toxins. The toxicity was assayed by injecting intraperitoneally into each of five mice 0-5 ml samples serially diluted twofold with 0.02 M-phosphate buffer, pH 6-0, containing 0.2 % (w/v) gelatin. The LD5,, was calculated by the method of Reed & Muench (1938) .
Activation of the toxins was carried out by incubating the following mixture at 37 "C for 1 h: 0.5 ml toxin preparation; 0.4 ml trypsin (5.4 mg protein) or a protease obtained from the proteolytic mutant dissolved in 0.1 M-acetate buffer, pH 6.0, containing 2 m~-CacI,; 0.1 ml 2-mercaptoethanol. After cooling to 4 "c, the toxicity was estimated. The same proportions of the constituents were used for mixtures of different volumes.
Determination of proteolytic activities. The enzyme activities were measured in 0.1 M-Tris/HCI buffer, pH 7.8, containing 2 mM-CaC1,. The proteolytic activity was measured with azocasein as substrate (azocaseinhydrolysing activity) as reported by Prestidge, Gage & Spizizen (1971) . The reaction mixture (1 ml) containing 0.5 ml azocasein in buffer, 0.1 ml enzyme solution and 0.4 ml distilled water was incubated at 37 "c for 30 min. The reaction was stopped by adding 2 ml cold 10 % (w/v) trichloroacetic acid and the tubes were centrifuged at 1630g for 10 min. The supernatant fluid was made alkaline by adding 0.3 ml 10 M-NaOH and the absorbance at 430 nm was determined. Absorbance was linear with respect to both enzyme concentration and incubation time up to values of 0.600. One arbitrary unit of activity was defined as an increase of 1 .O absorbance unit min-l. Amidase activity was assayed with N-a-benzoyl-DL-arginine-p-nitroanilide (BAPA) as substrate (Nakane & Iida, 1977) . Esterase activity was determined by the modified method of Herstrin (1949) with N-a-benzoyl-L-arginine ethyl ester (BAEE) as substrate. The reaction mixture (1 ml) contained 0.5 ml 10 mM-BAEE in buffer, 0.1 ml enzyme solution, 0.1 mlO.1 M-2-mercaptoethanol and 0-3 ml distilled water. After incubation at 37 "C for 30 min, the reaction was terminated by adding 1.5 ml alkaline hydroxylamine solution (a mixture of equal volumes of 3.5 M-NaOH and 2 M-hydroxylamine). The reaction mixtures were allowed to stand at room temperature for 30 min and then 1 ml of each of the following reagents was added successively: trichloroacetic acid (18 %, w/v), 3 M-HCI and FeCI, (10 %, w/v, in 0.04 M-HC1). The absorbance at 530 nm was determined, and a unit of activity was defined as the hydrolysis of 1 pmol substrate min-l.
Other determinations. Protein contents were determined by the method of Lowry et al. (1951) . Sporulation was estimated by heating the cultures at 60 "C for 20 min and then incubating 0-2 ml of diluted preparations by standing in air at 30 "C for 16 h in a tube (12 x 150 mm) containing 13 ml LYG agar [glucose concentration, 0.2 % (w/v)] to determine the viable count.
Chemicals.
Trypticase was from BBL, and lactalbumin, yeast extract and trypsin (1 : 250) were from Difco. BAPA and BAEE (both hydrochloride salts), p-tosyl-L-arginine methyl ester. HCI, N-acetyl-r-tyrosine ethyl ester. H 2 0 and N-benzoyl-L-tyrosine ethyl ester were purchased from Nakarai Chemical Co., Tokyo, Japan. L-Lysine ethyl ester. 2HC1 was obtained from Fluka, Buchs, Switzerland. Azocasein, L-lysine methyl ester. HCl and phenylmethylsulphonyl fluoride were purchased from Sigma. DEAE-cellulose (DE 52) was obtained from Whatman. Spores of the C. botulinurn type E proteolytic mutant were inoculated into 200 ml TPG medium, pH 7.2, to give lo3 spores ml-l. The culture was incubated in air at 30 "C. Samples (5 ml) were withdrawn at intervals and stored at -20 "C. These samples were thawed at room temperature and centrifuged at 5200g for 20 min. The toxicities of the supernatant fluids, with or without trypsin treatment, were estimated as described in Methods.
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R E S U L T S
Production of extracellular proteases by the proteolytic mutant of C. botulinum type E in culture Prolonged culture of the proteolytic mutant of C. botulinum type E caused a decrease of turbidity and a rise in pH of the culture fluids ( Fig. l) , similar to C. botulinum proteolytic types A and B (Iida, 1964a (Iida, , 1970 . Azocasein-hydrolysing, amidase and esterase activities each appeared after 50 h incubation and attained maximum levels at 96 h. Sporulation began almost at the same time as the appearance of these proteolytic activities. Production of the toxin corresponded with cell growth (Fig. 1, Table 1 ). The maximum level of toxicity after trypsin treatment was obtained at 50 h and remained at the same level until 121 h. A ---, Protein content (A2*,,) ; 0, azocaseinhydrolysing activity (units ml-l); 0 , amidase activity (units ml-l); 0, esterase activity (units ml-l). marked decrease in toxin titre was observed after prolonged incubation of the culture (Table 1) . No toxicity could be demonstrated without trypsin treatment until the bacterial proteolytic activities had appeared. When the enzyme levels were constant, the naturally activated toxin continued to increase with incubation time, though a large part of the toxin in the culture remained as a 'precursor' even in the aged culture.
Separation of proteases
An attempt was made to separate the enzyme activities of an extract of culture fluids precipitated with (NH,),SO, at 60 % saturation by chromatography on a DEAE-cellulose column (see Methods). Two peaks of azocasein-hydrolysing activity, which were incompletely resolved, and one peak of amidase activity were detected. The peak of esterase activity coincided with that of amidase activity. No further proteolytic activity was eluted with buffer containing 1.0 M-NaCl. Fractions covering all three proteolytic activities were combined and concentrated by the addition of solid (NH,) ,SO, to 60 % saturation at room temperature. The dialysed extract was rechromatographed on a DEAE-cellulose column (Fig. 2) . The azocasein-hydrolysing activities were separated into three peaks. Elution of the fractions with esterase activity again coincided with elution of the amidase activity, suggesting that these activities relate to a single enzyme, as reported for other types of C. botulinum (DasGupta, 1971 ;  DasGupta & Sugiyama, 1972a; Ohishi et a/., 1975; Ohishi & Sakaguchi, 1977) . These results indicated that at least four proteases were present in the extracted culture of the proteolytic mutant of C. botulinum type E.
Some properties of the proteases
Proteases separated by DEAE-cellulose column chromatography were designated I, IT, 111 and IV (Fig. 2) . Some properties of these proteases were studied.
Requirement for a reducing agent and eflect of inhibitors. Protease I1 required 2-mercaptoethanol for activity and almost all the activity was lost in the absence of this reducing agent. -acetate buffer, pH 6.0, containing 2 mM-CaC1,; 0-5 ml toxin; 0.1 ml0.1 M-2-mercaptoethanol . The mixtures were incubated at 37 "C for 1 h, and the reactions were terminated by cooling to 4 "C. The toxicities were then estimated. The amidase and esterase activities of the protease I1 preparation were 1.3 units ml-l and 6.1 units ml-l, respectively, and those of trypsin were 1.0 unit ml-l and  66.5 units ml-l, respectively. x Toxicity (LDSO ml-l No absolute requirement for 2-mercaptoethanol for enzyme activities was observed in the other three proteases. Both amidase and esterase activities of protease I1 were completely inhibited by 10 mM-EDTA, but not by 5 mM-phenylmethylsulphonyl fluoride, an inhibitor of serine proteases. The activity of protease I was incompletely inhibited by 10 mM-EDTA, but was not affected by 5 mM-phenylmethylsulphonyl fluoride. The activities of proteases I11 and IV were 60 to 70 yo inhibited by 5 mM-phenylmethylsulphonyl fluoride, though no effect was observed when 10 mM-EDTA was added.
Substrate spec8city. Proteases I, 111 and IV hydrolysed azocasein, but not synthetic amide or ester compounds. Protease I1 hydrolysed the amide and esters with an arginine residue and was also slightly active against L-lysine methyl ester, but did not hydrolyse azocasein.
p H optima. The amidase and esterase activities of protease I1 were maximal at pH 6.0 to 6-3 and at about pH 7.0, respectively. Proteases I, 111 and IV had optimum activity around neutral or alkaline pH.
Participation of proteases in activation of botulinum toxins
After proteases I, I1 and IV had been concentrated by ultrafiltration and dialysed against 0.1 M-acetate buffer, pH 6-0, containing 2 m~-CaCl,, each protease was incubated with type E and F toxins. Only protease I1 was able to activate these toxins. The abilities of protease I1 and trypsin to activate type E and other C. botulinum toxins were compared ( Table 2) . E-Iwanai toxin and E-Abashiri toxin were activated 15-fold and fivefold, respectively, by protease 11, but there was only twofold activation of type B toxin and none of C , toxin. Substantial activation was catalysed by trypsin in each case.
D I S C U S S I O N
Four proteases have been detected chromatographically in the culture of a proteolytic mutant of C. botulinum type E. One is a sulphydryl-dependent protease apparently requiring a divalent cation for its activity (protease 11); thus, this is similar to TLE from C. botulinum type B (DasGupta & Sugiyama, 1972a, b) , a sulphydryl-dependent protease (SHP) from C . botulinum type F (Ohishi & Sakaguchi, 1977) and clostripain from C. histolyticum (Michell & Harrington, 1968) . Protease I1 differed from trypsin in that it did not hydrolyse L-lysine ethyl ester, though it showed some activity with L-lysine methyl ester. Unlike chymotrypsin, no hydrolysis of N-acetyl-L-tyrosine ethyl ester or N-benzoyl-L-tyrosine ethyl ester was observed. On the other hand, proteases I, 111 and IV did not hydrolyse any of the synthetic amides or esters tested. From the results on the effect of inhibitors, it is concluded. that protease I requires a metal ion and that proteases I11 and IV are both serine proteases. The effects of inhibitors on proteases 111 and IV were similar and the possibility remains that these enzymes are identical.
A relationship between protease production and sporulation has been reported for Bacillus subtilis (Prestidge, Gage & Spizizen, 1971 ) and other micro-organisms (Schaeffer, 1969) . The present finding that proteolytic activities appeared at the period corresponding to the onset of sporulation suggests a relationship between the two phenomena.
Of the proteases from the proteolytic mutant of C. botulinum type E studied here, only protease I1 was capable of activating type B, E and F toxins. Sakaguchi & Sakaguchi (1967) proposed that activation of botulinum toxins was caused by the esterase activity rather than the peptidase activity in trypsin. The quantitative difference in activation of the toxins by trypsin and protease I1 might be due to the 10-fold higher esterase activity of the trypsin preparation, but this may not be the full explanation. It has been reported that TLE from C. botulinum type B was incapable of 'full activation' of type E progenitor toxin (DasGupta & Sugiyama, 1972b) , and that a large quantity of SHP proteins from C. botulinum type F were necessary to activate that toxin completely (Ohishi & Sakaguchi, 1977) . It is noteworthy that protease 11, TLE and SHP all have low specificity to substrates containing a lysine residue. It is possible that hydrolysis of a lysine bond(s) in peptide chains of the toxins plays an important role in 'full activation' of botulinum toxins as reported by Miura (1974) . Of the C. botulinum toxins tested, C, toxin was not activated by protease 11. Attempts are now being made to elucidate whether C, toxin has extremely low susceptibility to the sulphydryl-dependent protease of the proteolytic mutant of C. botulinum type E , or is activated by a different mechanism from that of other botulinum toxins.
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